SUMMARY. There is limited research regarding proper fertilization rates and timing for landscape-grown herbaceous perennials. Most current nitrogen (N) fertilizer recommendations for landscape-grown perennials are based on rates for woody landscape plants or on rates for greenhouse-grown perennials. In addition, most fertilizer guidelines are defined to achieve peak growth, which may not be the best indicator of desirable plant quality. Basing fertilizer input rates on plant quality levels rather than maximum growth may result in a lower fertilizer application rate and a reduction in excess fertilizer available for leaching. The objective of this research was to evaluate the response of landscape-grown herbaceous perennials to N fertilizer applied at five rates. Five herbaceous perennials [bush daisy (Gamolepis chrysanthemoides), 'New Gold' lantana (Lantana ·hybrid), 'Mystic Spires' salvia (Salvia longispicata ·farinacea), 'Evergreen Giant' liriope (Liriope muscari), and 'White Christmas' caladium (Caladium bicolor)] were transplanted into raised landscape beds containing subsoil fill in U.S. Department of Agriculture (USDA) hardiness zone 9a. Controlledrelease N fertilizer was applied at an annual N rate of 0, 2, 4, 6, and 12 lb/1000 ft 2 for 96 weeks. Plant size index (SI), tissue chlorophyll, and plant quality were measured every 6 weeks for 96 weeks. Flower cover was determined every 6 weeks from 42 to 96 weeks. Shoot biomass and tissue total Kjeldahl N (TKN) were measured at 96 weeks after planting (WAP). Regression analyses suggested that some species required in excess of 12 lb/1000 ft 2 N to reach maximum size, chlorophyll content, and shoot biomass. However, plants exhibited quality ratings of good to excellent at annual N rates of 2 to 4 lb/1000 ft 2 N per year. We suggest that these low to moderate levels of N fertilization (2 to 4 lb/1000 ft 2 N per year) will provide sufficient N to produce acceptable size and quality herbaceous perennials in the landscape.
I
mproper fertilization of residential landscapes can result in water quality degradation because of nutrients [mainly nitrogen and phosphorus (P)] in leachate or runoff. For example, Line et al. (2002) reported that average total N and P export from residential land uses was 256% greater than the exports from wooded sites. Although fertilizer is not the sole contributor to N and P exports from residential landscapes, fertilizer management practices (e.g., application rates, timing of application, and method of application) still need to be monitored more closely to ensure that fertilizer application does not exceed the specific N requirements of growing plants (Line et al., 2002) . However, there is limited research available regarding the proper fertilization (e.g., rate, timing, and/or application method) of landscape-grown perennials.
Most of the research focused on fertilizer requirements for perennial plant species was focused on achieving maximum growth and was conducted on containerized plants in a nursery or greenhouse setting (Dubois et al., 2000; Hipp et al., 1988; Macz et al., 2001; Nau, 1996) . Nau (1996) reported that rates for producing optimal growth of herbaceous perennial plants during production generally fell within the range of 100 to 200 mgÁL -1 of N applied at every irrigation event or 100 to 150 mgÁL -1 of N applied weekly, depending on the species. Similarly, Hipp et al. (1988) reported maximum growth of container-grown autumn sage (Salvia greggii) was achieved when N was applied weekly at a rate of 200 mgÁL -1 and P was applied biweekly at a rate of 50 mgÁL -1 ; plants receiving 150 mgÁL -1 N and 30 mgÁL -1 P had comparable growth. The authors concluded that tissue nutrient concentrations of autumn sage should be greater than 2.2% N and 0.20% P to avoid limiting growth. Optimal growth of 'Margarete' anemone (Anemone ·hybrida) was achieved when a complete fertilizer was applied three times per week at an N rate of 150 mgÁL -1 using a fertilizer with a ratio of 1:2 of ammonium to nitrate (Dubois et al., 2000) . In addition, Macz et al. (2001) concluded that the minimum acceptable rate for production of container-grown 'White Diamond' chrysanthemum (Dendranthema grandiflora) was 100 mgÁL -1 N when additional S was supplied at a rate of 10 mgÁL -1 . As was reported for containerized perennials, growth of perennial species generally increased with increasing N rate when grown in the landscape (Harbaugh and Overman, 1984; Wright et al., 2009) . Wright et al. (2009) reported that the dry weight of 'Red Hot Sally' salvia (Salvia splendens) increased as fertilizer rates increased (from 27 to 42 g, 30 to 35 g, and 100 to 108 g dry weight when fertilized at 0, 1, and 2 lb/1000 ft 2 N, respectively, depending on year and mulch treatment); however, fertilizer rate did not affect plant aesthetic quality. Similarly, tuber weight and production index of field grown caladium Preliminary and Regional Reports
• December 2012 22 (6) increased when N was applied at 200 or 300 lb/acre compared with an N rate of 100 lb/acre (Harbaugh and Overman, 1984) . Cigar plant (Cuphea ignea), 'New Gold' lantana, and 'Goldsturm' rudbeckia (Rudbeckia fulgida) increased in size when they were supplied with 4 lb/1000 ft 2 N compared with 0, 1, or 2 lb/1000 ft 2 N at five months after transplant; however, there were no differences in aesthetic quality of species receiving 1, 2, or 4 lb/1000 ft 2 N (Chen et al., 2011) . Even without substantial research to support N rate recommendations for landscape-grown perennials, broad recommendations are available. Rose (1999) surveyed existing extension bulletins related to N fertilization for field-and landscape-grown perennials and reported that N rate recommendations generally fell between 48 and 287 kgÁha -1 . However, the authors noted that guidelines for selecting a rate within the range for a particular species were lacking (Rose, 1999) . Similarly, Park-Brown (2011) recommended fertilizing perennials in the Florida landscape, but noted that optimal rates and timing will likely vary by species and soil type. The current fertilizer N rate recommendations from the state level extension program, University of Florida-Institute of Food and Agricultural Sciences (UF-IFAS) Florida Friendly Landscapingä, are divided into low (0 to 2 lb/1000 ft 2 ), medium (2 to 4 lb/1000 ft 2 ), and high (4 to 6 lb/ 1000 ft 2 ) maintenance categories with no guidance available for selecting the appropriate category (Florida Department of Environmental Protection, 2010) . Moreover, the current Florida Friendly Landscapingä fertilizer recommendations were based on research evaluating the response of landscape-grown trees and shrubs to supplemental fertilization (Sartain et al., 2009 ), but the recommendations are routinely applied to all types of landscape-grown ornamentals (e.g., annuals, perennials, shrubs, etc.). Therefore, it is clear that additional research is needed to evaluate current fertilizer rate recommendations for a broader set of ornamental landscape plant types, such as perennials. The objective of this research was to evaluate plant response of selected landscape-grown herbaceous perennial species to N fertilizer applied at various rates. Results of this research will be used to provide more detailed guidance for the N fertilization of perennials in the landscape. The overall goal is to reduce the potential for fertilizers to be applied in excess of plant needs, which will reduce the likelihood that these nutrients impact water quality because of losses in runoff or leachate.
Materials and methods
PLANT MATERIAL. Five herbaceous perennials (bush daisy, 'New Gold' lantana, 'Mystic Spires' salvia, 'Evergreen Giant' liriope, and 'White Christmas' caladium) representing a variety of monocot and dicot species that are commonly planted in Florida landscapes were selected for evaluation of plant growth and quality response to N fertilizer when grown in the landscape. Bush daisy, lantana, and salvia were received as plugs (144 cell 2009 (60 WAP), a polymer-coated ammonium sulfate fertilizer (21N-0P-0K-24S; Honeywell nylon, Seffner, FL) was applied every 6 weeks based on the estimated release rate of the fertilizer as determine by 1-and 7-d dissolution tests that were conducted on 10% weight/volume at 74 to 76°F. In 2009, Honeywell discontinued production of the polymer-coated ammonium sulfate fertilizer. As a result, perennials were fertilized every 12 weeks with a 42N-0P-0K polymer-coated urea fertilizer (Polyon; Harrell's, Lakeland, FL) containing 33.6% slowrelease N at the same N rates from 17 Aug. 2009 to 27 Apr. 2010 (60 to 96 WAP). The fertilization frequency for the polymer-coated urea fertilizer was based on the release rate curve supplied by the manufacturer.
The landscape beds remained unmulched to reduce the amount of nonfertilizer derived N available to growing plants. Other macronutrients 
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• December 2012 22 (6) and micronutrients were applied at the same rate to all plots according to UF-IFAS recommendations (Kidder et al., 2009 ) based on results of the soil test. Soil test results indicated that no P fertilizer was required. We applied potassium sulfate fertilizer (0N-0P-41.5K; Great Salt Lake Minerals Corp., Overland Park, KS) every four months at a K rate of 4.6 lb/1000 ft SI was determined as a quantitative indicator of plant size based on measurements that were taken at planting and every six weeks over the 96-week study period. SI was calculated as follows: SI (cubic centimeters) = H · W1 · W2, where H is the plant height (centimeters), W1 is the widest width of the plant (centimeters), and W2 is the width perpendicular to the widest width (centimeters). Aboveground plant tissue (i.e., shoots and stems) was removed at the soil surface at 96 WAP, dried to a constant weight at 40.5°C, and weighed to determine shoot dry weight (grams).
PLANT CHLOROPHYLL CONTENT (SPAD). A portable chlorophyll meter (SPAD-502; Minolta Corp., Ramsey, NJ) was used to estimate plant chlorophyll content every 6 weeks for bush daisy, lantana, salvia, and liriope. Six SPAD readings (unitless) were taken on mature leaves per plant cluster (two readings per plant) and averaged. Fisher et al. (2003) found a linear relationship between SPAD and chlorophyll content (0.2128 + 0.0295 · SPAD; r 2 = 0.86) and suggested that SPAD was an indirect, but accurate predictor of chlorophyll content.
PLANT TISSUE TKN ANALYSIS. Following measurement of shoot dry weight (96 WAP), the youngest, fully expanded leaves were collected from each of the harvested plants. Tissue samples were ground using a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA), passed through a no. 20 screen, and dried at 110°C for 7 d. Acid (6 M HCl) tissue digestions were completed using the standard methods of the UF-IFAS Extension Soil Testing Laboratory (Mylavarapu, 2009 Optimum N rate for the 96-week study period was determined for each regression fit by solving the second-order derivative of the equation to determine the maximum point on the regression curve. For linear (first-order) fits, the ''optimum'' N rate exceeded our fertilizer N rate and is reported as >12; 1 lb/1000 ft 2 = 48.8243 kgÁha -1 . y Size index was calculated as follows: SI (cubic centimeters) = H · W1 · W2, where H is the plant height (centimeters), W1 is the widest width of the plant (centimeters), and W2 is the width perpendicular to the widest width (centimeters); 1 cm 3 = 0.0610 inch 3 , 1 cm = 2.54 cm.
x NS = regression analysis was not significant. w -= data not available.
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• December 2012 22 (6) photographs of each plant cluster were taken every 6 weeks from 42 WAP through the end of the study (96 WAP). The brightness of the photos was adjusted to enhance color contrasts and the photographs were cropped to remove soil areas that did not contain plants using Photoshop Elements 6.0 (Adobe Systems, San Jose, CA). Specific color groups were assigned to represent flowers (color based on species), foliage (green), and soil background (brown). Computer image analysis (WinFOLIA 2007b for leaf analysis; Regent Instruments, Quebec, QC, Canada) was used to assign pixels in each photograph to one of the three color groups. The percent area covered by each color group was calculated by WINFOLIA based on pixel color. Flower cover was calculated as: flower cover (%) = flower area O (flower area + canopy area) · 100, where flower area is the area (square centimeters) of the plant covered by flowers and canopy area is the area (square centimeters) of the plant covered only by canopy. PLANT VISUAL QUALITY RATINGS. Aesthetic quality ratings were determined visually for each plant cluster at six week intervals. Quality ratings for each cluster considered canopy density, flowers, chlorosis, and dieback using the following scale: 0 = dead plant(s), 1 = poor quality (low canopy density, few-no flowers, and chlorosis), 2 = below average quality (significant dieback), 3 = average quality (moderate dieback), 4 = above average quality (minimal dieback), and 5 = outstanding plant quality (dense leaf canopy, high-quality flowers, and no nutrient deficiencies or dieback) (Shober et al., 2009a) .
STATISTICAL ANALYSIS. The experiment was laid out in a randomized complete block design with 15 blocks (landscape beds). Five N fertilizer rates were randomly applied over three clusters of five perennial species per landscape bed. Plant SI, SPAD, harvest biomass, and tissue TKN measurements were averaged for all plant clusters in each plot for each species. Mean values were then used in regression analysis using PROC REG (SAS version 9.2; SAS Institute, Cary, NC) to determine the effect of annual fertilizer N rate on each plant response indicator. Linear and polynomial regression models were fitted by species and WAP with N rate and N rate · N rate as the predictor variables. Regression analysis was considered significant if the probability value of the overall F test of the whole regression model and the fixed variables was P £ 0.05. The second-order regression model was selected in favor of the linear regression model only when significance of the N rate · N rate term (P £ 0.05) was indicated by a t test. For each second-order regression fit, the second-order derivative of the equation was solved to determine the maximum point on the regression curve. The maximum point on the second-order regression curve corresponded to the ''optimum'' N rate for the specific plant response, or the point at which application of fertilizer N at higher rates was not expected to result in an increase in the mean plant response. When a linear (first-order) regression model provided the best fit, we could not determine the ''optimum'' N rate because it exceeded our maximum annual fertilizer N rate of 12 lb/1000 ft 2 . Flower cover was analyzed by species and WAP using a linear mixed effects model for a randomized complete block design (PROC MIXED, SAS version 9.2) with fertilizer N rate as a fixed effect and plant cluster · treatment as a random effect. Plant quality data were analyzed by species and WAP using a general linear mixed effects model for a randomized complete block design (PROC GLIMMIX, SAS version 9.2) with N rate as a fixed effect and treatment · cluster as a random effect (normal distribution and an identity link function). Pairwise comparisons for flower cover and quality were completed using the Tukey's honestly significant difference test with a significance level of a = 0.05. All data were checked for normality by examining Optimum N rate for the 96-week study period was determined for each regression fit by solving the second-order derivative of the equation to determine the maximum point on the regression curve. For linear (first-order) fits, the ''optimum'' N rate exceeded our fertilizer N rate and is reported as >12; 1 lb/1000 ft 2 = 48.8243 kgÁha -1 . y -= data not available.
x NS = regression analysis was not significant.
• December 2012 22 (6) histogram and normality plots of the Studentized residuals.
Results

PLANT SI A N D S H O O T D R Y WEIGHT.
At most sampling dates, a significant plant SI response to fertilizer N rate was reported for all plant species (Table 1) . In general, the relationship between plant SI and N fertilizer rate was best explained by a second-order polynomial regression for bush daisy (Fig. 1, Table 1 ) and salvia (Table 1 ). Therefore, we were able to estimate the N fertilizer rate above which no plant SI increase was expected for bush daisy (Fig. 1 ) and salvia at most sampling dates. Based on regression analysis, we suggest that bush daisy and salvia required N fertilizer applications in excess of 8 lb/1000 ft 2 per year to achieve maximum size. In contrast, a first-order relationship between SI and N rate was typically reported for caladium, lantana, and liriope at most sampling dates (Table 1) . These results suggested that annual applications of N fertilizer of up to 12 lb/1000 ft 2 were too low to maximize SI for caladium, lantana, or liriope in most weeks (Table 1) . However, it is important to note that caladium SI data were unavailable at several sampling dates because of multiple periods of plant dormancy (Table 1) .
Trends for dry shoot weight were similar to SI data trends, where the biomass response to N fertilizer rate was best described by a second-order polynomial equation for bush daisy and salvia. Dry biomass was predicted for bush daisy and salvia at an annual N fertilizer rate of 12 and 8.6 lb/1000 ft 2 , respectively (Table 2 ). There was a linear relationship between shoot weight and N rate for lantana and liriope, suggesting that the annual fertilizer N applications in excess of 12 lb/1000 ft 2 were needed to produce lantana and liriope of maximum attainable biomass (Table 2 ). Dry shoot weight was not determined for caladium because of plant dormancy at the time of harvest (data not shown).
PLANT CHLOROPHYLL CONTENT (SPAD). At most sampling dates, a significant positive relationship existed between plant SPAD meter readings (proxy for chlorophyll content) and N fertilizer rate for all species (Table 1) . Chlorophyll data (SPAD) for bush daisy, lantana, and salvia were best fit by a first-order regression during most weeks, indicating that plants did not achieve maximum SPAD even when fertilized at the 12 lb/1000 ft 2 annual N rate. For liriope SPAD readings, the best fitting regression model varied between a first-order regression (12, 30 54, 66, 72, 78 , and 96 WAP) and a second-order polynomial (36, 42, 48, 60, 84 , and 90 WAP) over the course of the study. A significant linear regression model suggested that the lowest rate at which chlorophyll content of liriope was maximized was an N application rate of 9.8 lb/1000 ft 2 per year (Table 1) .
PLANT TISSUE TKN ANALYSIS. A significant first-order relationship was reported between plant tissue TKN and N fertilizer rate for bush daisy, lantana, and salvia (Table 2) . These data again supports the need for N fertilizer applications at rates higher than 12 lb/1000 ft 2 to achieve maximum tissue TKN. Only liriope TKN exhibited a significant second-order relationship with fertilizer N rate, with maximum tissue TKN predicted at an annual N rate of 17 lb/1000 ft 2 (Table 2) . Neither regression model explained the relationship between caladium tissue TKN and fertilizer N rate; this was probably due to collection of tissue during plant decline before a dormancy period.
FLOWER COVER. Flower cover response to N fertilizer was observed for bush daisy at 42, 48, and 78 WAP x WAP = week after planting. w Mean separation across N fertilizer treatments for each species and WAP was conducted by Tukey's honestly significant difference test at P < 0.05. v -= data not available. (Table 3) . At 42 WAP, plants receiving N fertilizer at the 2, 4, 6, or 12 lb/1000 ft 2 annual rate had a higher proportion of the plant canopy covered with flowers than plants receiving no N fertilizer. At 48 WAP, bush daisy flower cover was highest for plants receiving fertilizer at the 6 and 12 lb/1000 ft 2 annual rate, followed by plants fertilized at the 4 lb/1000 ft 2 rate; bush daisy receiving 0 or 2 lb/1000 ft 2 annual N rate had significantly less flower coverage than the plants receiving N at the higher rates (Table 3) . At 72 WAP, only the 12 lb/1000 ft 2 rate produced bush daisy plants with a higher proportion of flower coverage than plants fertilized at the 0, 2, or 4 lb/1000 ft 2 annual N rate. Fertilization had a significant effect on lantana flower coverage only at 48, 60, and 66 WAP (Table  3) . Lantana plants receiving N at the 12-lb/1000 ft 2 annual rate tended to have less flower coverage than unfertilized plants at 48 and 66 WAP. However, at 60 WAP, lantana receiving 4 lb/1000 ft 2 N had a lower proportion of flower coverage than plants receiving 2 lb/1000 ft 2 N. Salvia flower coverage was affected by N fertilizer only at 54, 60, and 66 WAP (Table 3) . At 54 WAP, salvia plants receiving N fertilizer at the 2 lb/1000 ft 2 annual rate had the highest proportion of the plant canopy covered with flowers; at 66 WAP, flower cover was highest when salvia plants were supplied with fertilizer at the 0 or 2 lb/1000 ft 2 annual N rate. However, at 60 WAP, salvia plants receiving N fertilizer at the 12-lb/ 1000 ft 2 annual rate had a higher proportion of the plant canopy covered with flowers than those receiving no N fertilizer (Table 3 ). There were no differences in flower cover for any species after 78 WAP (data not shown). Overall, fertilizing perennial species with 2 to 4 lb/1000 ft 2 N annually should produce plants with acceptable flower coverage. We did not see evidence for increasing flower coverage at annual N application rates above 4 lb/1000 ft 2 .
PLANT VISUAL QUALITY RATINGS.
The visual quality response of perennials to N fertilizer rate varied by species (Table 4) . At 72 WAP, there were no significant differences in the visual quality of bush daisy when they were supplied with N at an annual rate of 2, 4, 6, or 12 lb/1000 ft 2 . However, the visual quality of bush daisy plants receiving fertilizer at the 4, 6, or 12 lb/1000 ft 2 annual N rate was greater than plants fertilized at the 0 or 2 lb/1000 ft 2 rate during most weeks ( Fig. 2; Table 4 ). Bush daisy plants receiving 4, 6, or 12 lb/ 1000 ft 2 N in year one (12 to 48 WAP) produced plants with quality ratings of average (2.8) or better. Bush daisy plants in year two had slightly lower quality average ratings, than plants in year one, for those plants receiving 4, 6, or 12 lb/1000 ft 2 N ( Fig. 2 ; Table  4 ). Plant quality response to N fertilizer was only recorded for caladium from 6 to 18 WAP and from 54 to 78 WAP. Quality response of caladium could not be evaluated at other weeks when caladium plants were undergoing periods of dormancy. Caladium receiving fertilizer at rates of 2, 4, 6, or 12 lb/1000 ft 2 at 12 and 72 WAP had significantly higher quality rates than plants receiving no fertilizer (0 lb/ 1000 ft 2 per year). Caladium supplied with fertilizer at a rate of 2 or 12 lb/ 1000 ft 2 N produced higher quality plants than control treatments at 18 WAP; plants supplied with 12 lb/1000 ft 2 produced higher quality plants than control treatments at 60, 72, and 78 WAP. Nitrogen fertilizer treatment had no effect on caladium quality during any other weeks (Table  4) . Similarly, the visual quality of liriope was only significantly affected by N fertilizer rate at 36, 42, 48, and 96 WAP. At 36, 48, and 96 WAP, liriope quality was higher when fertilized with 12 lb/1000 ft 2 N per year than plants receiving 0 lb/1000 ft 2 N (Table 4) . At 42 WAP, liriope quality was higher when fertilized at the 4 or 12 lb/1000 ft 2 annual N rate than plants receiving 0 lb/1000 ft 2 N (Table 4 ). All liriope plants receiving fertilizer at rates greater than 0 lb/ 1000 ft 2 N produced liriope with quality ratings of 2.9 (acceptable) or better regardless of treatment from 18 to 96 WAP.
Nitrogen rate influenced the visual quality of lantana mainly during the first year after planting (Table 4) . Applications of N fertilizer at the 12 lb/1000 ft 2 annual N rate produced higher quality plants than all other treatments during most weeks from 6 to 60 WAP (Table 4) . However, nearly all treatments produced lantana that were rated 3 (acceptable) or better at all sampling dates with the exception of a decline in quality at 36 WAP because of a period of cold temperatures. There was no N fertilizer rate effect on lantana quality from 66 WAP through the end of the study at 96 WAP (Table 4 ). Salvia quality was higher when fertilized at the annual N rate of 4, 6, or 12 lb/1000 ft 2 compared with all other treatments during most weeks from 12 to 54 WAP (Table 4) . A fertilizer treatment of at least 4 lb/1000 ft 2 N was needed to produce salvia plant quality of 3 or better in year one, but all plants had a quality rating of less than 3 in year two (60-96 WAP), regardless of treatment. Both salvia and lantana needed less fertilizer to produce high quality plants in the second year of the study (Table 4) .
Discussion
Similar to results reported for annual landscape plants (Shurberg et al., 2012) and other perennial species (Chen et al., 2011) , plant fertilizer requirements varied by species. Also, the landscape herbaceous perennial species we evaluated generally required high rates of N (often in excess of 12 lb/1000 ft 2 per year) to achieve maximum size, biomass, SPAD, or tissue TKN content. Similarly, Shurberg et al. (2012) reported that annual N applications in excess of 12 lb/1000 ft 2 were required for several landscape-grown cool-and warm-season annuals to reach maximum size, SPAD, biomass or tissue TKN. In a similar study, Chen et al. (2011) reported positive linear relationships between N rates (0, 1, 2, and 4 lb/1000 ft 2 ) and SI for cigar plant, 'Siskiyou Pink' gaura (Gaura lindheimeri), lantana, mexican heather (Cuphea hyssopifolia), purple coneflower (Echinacea purpurea), and rudbeckia. However, the authors found no significant differences in SI of gaura, mexican heather, or purple coneflower when supplied with 2 or 4 lb/1000 ft 2 N (Chen et al., 2011). Recommendations for N fertilizer designed to maximize plant growth characteristics would far exceed the current UF-IFAS Florida Friendly Landscapingä program recommendations for ornamental plants grown in the landscape (Florida Department of Environmental Protection, 2010).
In contrast, the N rates required to achieve healthy, acceptable quality perennial plants fell within the UF-IFAS Florida Friendly Landscapingä program fertilizer recommendations for most of the perennial species we evaluated. Acceptable quality caladium and liriope were produced by applying as little as 0 to 2 lb/1000 ft 2 N annually, while growth did not peak for caladium or liriope receiving N at the 12 lb/1000 ft 2 annual rate. Other researchers have found similar growth responses for landscape-grown caladium planted in a sandy field soil in Florida. For example, Harbaugh and Overman (1984) reported an increase in tuber weight when caladium received fertilizer at N rates from 100 to 300 lb/acre in field plots; however, the authors reported no increase in number of leaves (an indicator of plant quality) as fertilizer rate increased. As reported for caladium, N rates required to produce acceptable quality of the other evaluated perennial plants were much lower than needed to attain maximum growth. The results of our study suggest that high annual rates of N fertilizer (>8 lb/1000 ft 2 ) during the establishment phase (year one) may produce higher quality lantana and salvia; however, the N rate can be reduced considerably during the second year and still provide sufficient N to maintain the same level of quality for these species (Table 4) . We suggest that lower N needs of established plants (year two) are likely due to the expanded root growth supplying greater N to the plant at this point. Previous research suggests that roots of container-grown ornamental shrubs are restricted to the planting hole for up to a year before root growth expands to the canopy dripline Shober et al., 2009b; Wiese et al., 2009) . Root growth of perennial landscape plants likely follows a similar pattern. Our study results support maintenance recommendations for lantana reported by Russ (2004) , who suggested that lantana required very little fertilizer to maintain adequate health and quality after establishment. Russ (2004) noted that overfertilization may actually reduce lantana flowering and increase disease susceptibility, thereby reducing overall plant quality. Our findings supported this as lantana at 48, 60, and 66 WAP had reduced flower cover when supplied with fertilizer at the 12 lb/1000 ft 2 annual N rate when compared with N applied at the other rates. Chen et al. (2011) also reported that fertilization of lantana in the first growing season at a rate of 2 lb/ 1000 ft 2 N produced higher quality plants than applying no fertilizer, but that little to no fertilizer was required in the second growing season to produce maximum growth and quality. Recent research conducted on a few perennial species in the landscape agrees with our findings that while size may increase for some species at higher fertilization rates, increasing the fertilizer rate did not result in increased plant quality (Chen et al., 2011) . Chen et al. (2011) reported an increase in SI for some perennial species (cigar plant, rudbeckia, lantana) during the first growing season when N fertilizer was applied at higher N rates (4 lb/1000 ft 2 N compared with 0, 1, or 2 lb/1000 ft 2 N), but found no corresponding increases in quality. Additionally, the authors found that there were few differences in SI at the higher rate by the second growing season (Chen et al., 2011) . Although there is little research on fertilization needs of perennials in the landscape, our results support the maintenance recommendations of Park-Brown (2011) and Fig. 2 . Aesthetic quality response of bush daisy to fertilizer nitrogen rate at 48 and 72 weeks after planting (WAP) when planted in St. Augustine fine sand subsoil fill in U.S. Department of Agriculture hardiness zone 9a. Mean separation for species and WAP was conducted by Tukey's honestly significant difference test at P £ 0.05; 1 lb/1000 ft 2 = 48.8243 kgÁha L1 .
• December 2012 22(6) Chen et al. (2011) , who suggested that many herbaceous perennials will need very little fertilizer once they are established.
Based on results of our study, we suggest that low to moderate levels of N fertilization (2 to 4 lb/1000 ft 2 N per year) will provide sufficient N to produce quality herbaceous landscape-grown perennials for the landscape. We suggest that basing fertilizer rates on N rates needed to achieve quality plants rather than maximum growth will provide sufficient N inputs for establishing and maintaining attractive herbaceous perennials in the landscape, while minimizing excess fertilizer available for leaching. Park-Brown (2011) similarly suggested that appearance (quality) can be a guide to the fertilizer needs of herbaceous perennials in the landscape in addition to growth rate. Likewise, Scoggins (2005) evaluated growth of 10 herbaceous perennial species in the greenhouse under different fertilizer rates (50, 150, 250, or 350 mgÁL -1 ) and found that while higher rates of fertilizer did increase growth of some species, acceptable levels of quality could generally be achieved at the lower fertilizer rates. Chen et al. (2011) also reported that fertilization at an annual N rate of 4 lb/1000 ft 2 N increased the growth of landscape-grown cigar plant, lantana, and rudbeckia in the first growing season, but fertilization of these species at an annual N rate of 1 lb/ 1000 ft 2 N was sufficient to produce plants of ''good'' to ''excellent'' quality in year two.
This research was part of a larger study designed to validate and broaden N recommendations for Florida landscape plants. We acknowledge that additional factors such as soil fertility and type of mulch used in the landscape should be taken into account when making decisions about fertilization of landscape-grown perennials. Soil fertility can vary considerably. Additionally, conflicting results on N contributions of mulch to landscape planting beds suggest that mulch can immobilize a portion of available soil N (Cogger et al., 2008) , or in some cases have no effect on plant foliar N (Cregg and Schutzki, 2009 ), depending on the type of mulch and plant species in question. We believe that fertilizer rate trials similar to our study are important because of the lack of a reliable N soil test.
